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(54) Semiconductor laser module 

(57) A semiconductor laser module comprises a 
semiconductor laser (6) having a front end facet from 
which output light is emitted, and an optical fiber (5) on 
which the output light emitted from the semiconductor 
laser (6) is incident, where the optical fiber (5) has a 
light feedback portion for reflecting light at a predeter- 
mined wavelength. The semiconductor laser is accom- 



modated in a package (2) together with one end side of 
the optical fiber (5). The light feedback portion includes 
a first light feedback portion (FBG1) set at a predeter- 
mined reflection center wavelength for determining an 
oscillating wavelength of the semiconductor laser (6), 
and at least one second light feedback portion (FBG2). 
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Descrlpti n 

BACKGROUND OF THE INVENTION 
Field f the Invention 

[0001] The present invention relates to a semicon- 
ductor laser module. 

Descrlpti n ot the Related Art 

[0002] In the field of optical communications, an 
optical transmission system in accordance with wave- 
length division multiplexing (WDM) scheme has been 
developed with intention of increasing the capacity of 
transmitted information, and its growth is accelerating 
particularly in North America which takes the initiative. 
[0003] * As an excitation light source for an optical 
fib r amplifier used in the WDM scheme, there is an 
increasingly higher demand for pumping semiconductor 
lasers in 1480 and 980 nm band. Particularly, for wave- 
length multiplexing in the 1480 nm band and for flatness 
of the gain profile in the 980 nm band, the need is 
increased for stabilizing the wavelength of emitted light 
from a semiconductor laser module using a fiber bragg 
grating (hereinafter simply called the "FBG"). 
[0004] The foregoing semiconductor laser module 
suffers from instability of a laser output in a semicon- 
ductor laser, for example, output light from the front or 
monitor light from the back, which causes a problem in 
controlling, for example, the output of an optical fiber 
amplifier. Particularly, the semiconductor laser module 
as described has a problem in that the stabilization of 
the wavelength using the FBG results in increasing the 
instability of the laser output. 

SUMMARY r>F THF INVFNTION 

[0005] It is an object of the present invention to pro- 
vide a semiconductor laser module which is capable of 
stabilizing a laser output 

[0006] To achieve the above object, the present 
invention provides a semiconductor laser module com- 
prising a semiconductor laser having a front end facet 
from which output light is emitted, an optical fiber, on 
which the output light emitted from the semiconductor 
laser is incident, having a light feedback portion for 
reflecting light at a predetermined wavelength, and a 
package for accommodating the semiconductor laser 
together with one end side of the optical fiber, wherein 
the light feedback portion includes a first light feedback 
portion set at a predetermined reflection center wave- 
length for determining an oscillating wavelength of the 
semiconductor laser, and at least one second light feed- 
back portion. 

[0007] Preferably, the second light feedback portion 
as used in the present invention has a reflectance equal 
to or lower than a maximum reflectance of the first light 



feedback portion at least within a wavelength range of a 
full width half maximum in the first light feedback por- 
tion. 

[0008] Also preferably, the second light feedback 
5 portion has a reflection center wavelength substantially 
identical to that of the first light feedback portion. 
[0009] Further preferably, a difference in the reflec- 
tion center wavelength between the first light feedback 
portion and the second light feedback portion is set 
io equal to or less than 0.5 nm. 

[001 0] Preferably, the first light feedback portion dif- 
fers from the second light feedback portion in the reflec- 
tion center wavelength. 

[0011] Also preferably, the second light feedback 
is portion has a flat reflection level characteristic substan- 
tially without wavelength dependence, and a reflectance 
lower than a maximum reflectance of the first light feed- 
back portion. 

[0012] Further preferably, either the first or the sec- 
20 ond light feedback portion comprises a fiber bragg grat- 
ing. 

[0013] Preferably, the first light feedback portion 
and an adjacent one of the second light feedback por- 
tions are spaced by a distance set equal to or longer 
25 than 5 mm between longitudinal center positions 
thereof. 

[001 4] Also preferably, two or more of light feedback 
portions chosen from the first light feedback portion and 
the at least one second light feedback portion comprise 
30 a chirped bragg grating having a reflection characteris- 
tic which is superposition of respective reflection char- 
acteristics. 

[001 5] Further preferably, the light feedback portion 
is positioned external to the package. 

35 [0016] Preferably, the optical fiber includes polari- 
zation fluctuation preventing means disposed between 
the semiconductor laser and the light feedback* portion 
for preventing fluctuations in light polarization. 
[0017] Also prelerably, the polarization fluctuation 

40 preventing means is a birefringent fiber. 

[0018] Further preferably, the birefringent fiber is 
any of a PANDA fiber which has a core applied with a 
non-axially symmetric stress and a stress applying por- 
tion of circular cross-section; a bow-tie fiber having a 

45 fan-shaped cross-section; an elliptic jacket fiber of ellip- 
tic cross-section; and an elliptic core fiber having a core 
waveguide structure in a non-axially symmetric form 
and a core of elliptic cross -section. 
[001 9] Preferably, the distance from a rear end facet 

so of the semiconductor laser to a longitudinal center posi- 
tion of either the first or the second light feedback por- 
tion is 10 cm or longer. 

[0020] Also preferably, the semiconductor laser has 
an oscillating wavelength in a band centered at 980 nm. 
55 [0021] Further preferably, the optical fiber is a 
lensed fiber, wherein light emitted from the semiconduc- 
tor laser is coupled to a distal end of the lensed fiber. 
[0022] Preferably, the lensed fiber is made by con- 
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necting by fusion the optical fiber formed with the first 
light feedback portion and/or the second light feedback 
portion. 

[0023] According to these preferred aspects, it is 

possible to provide a semiconductor laser module which s 

is capable of stabilizing a laser output. 

[0024]. The above and other objects, features and 

advantages of the present invention will become more 

apparent from the following detailed description based 

on the accompanying drawings. io 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0025] 

15 

Fig. 1A is a cross-sectional elevation illustrating the 
general configuration of a semiconductor laser 
module according to a first embodiment of the 
present invention; 

Fig. 1 B is schematic diagram illustrating the general 20 
configuration of an optical transmission system 
comprising the semiconductor laser module and a 
plurality of FBGs formed in an optical fiber; 
Figs. 2A through 2D are exemplary characteristic 
graphs showing the wavelength dependence of a 25 
reflection level for a plurality of FBG1 to FBGn 
formed in the optical fiber for use with the semicon- 
ductor laser module of Figs. 1A and IB, where the 
horizontal axis represents the wavelength, and the 
vertical axis represents the reflectance; 30 
Figs. 3A through 3D are other exemplary character- 
istic graphs showing the wavelength dependence of 
a reflection level for a plurality of FBG 1 to FBGn 
formed in the optical fiber for use with the semicon- 
ductor laser module of Figs. 1A and 1B, where the 35 
horizontal axis represents the wavelength, and the 
vertical axis represents the reflectance; 
Figs. 4A and 4B are graphs showing the results of 
measuring a change in a fluctuation degree of a 
monitor current over time, with the horizontal axis 40 
representing the time, and the vertical axis repre- 
senting the fluctuation degree of the monitor cur- 
rent, where Fig. 4A shows the result of the 
measurement using an embodiment of the present 
invention which comprises a first light feedback por- as 
tion and a second light feedback portion, and Fig. 
4B is the result of the measurement using a com- 
parative example which comprises only the first 
light feedback portion; 

Fig. 5 is a schematic diagram illustrating the gen- so 
eral configuration of a modification to the semicon- 
ductor laser module according to the first 
embodiment of the present invention; 
Fig. 6 is a schematic diagram generally illustrating a 
semiconductor laser module and a light feedback ss 
portion formed in an optical fiber according to a 
second embodiment of the present invention; 
Fig. 7 is a characteristic graph showing the wave- 



length dependence of a reflection level for an FBG 
formed in the optical fiber in Fig. 6, wherein the hor- 
izontal axis represents the wavelength, and the ver- 
tical axis represent the reflectance; 
Figs. 8A through 8D are characteristic graphs each 
showing the wavelength dependence of a reflection 
level, representing each of a plurality of Gaussian 
functions forming the wavelength characteristics 
exhibited by the FBG of Fig. 6 in a relation between 
the reflectance and the wavelength; 
Fig. 9 is a characteristic graph showing the wave- 
length dependence of a reflection level for FBGs 
which function as first and second light feedback 
portions formed in a semiconductor laser module 
according to a third embodiment of the present 
—invention, where the horizontal axis represents the 
wavelength, and the vertical axis represents the 
reflectance; 

Fig. 1 0 is a schematic diagram illustrating the gen- 
eral configuration of a semiconductor laser module 
and a light feedback portion formed in an optical 
fiber according to a fourth embodiment of the 
present invention; 

Fig. 11 is a characteristic graph showing the wave- 
length dependence of a reflection level for FBGs 
which function as first and second light feedback 
portions formed in a semiconductor laser module, 
where the horizontal axis represents the wave- 
length, and the vertical axis represents the reflect- 
ance; and 

Figs. 12A and 12B are characteristic graphs related 
to the semiconductor laser module according to the 
fourth embodiment of the present invention, with 
the hori2ontal axis representing an injection current 
and the vertical axis representing a current value of 
output light and a slope efficiency, where Fig. 12A 
shows the characteristic of the fourth embodiment 
using a PC connector as a second light feedback 
portion, and Fig. 12B shows the characteristic of a 
comparative example using an APC connector as a 
second light feedback portion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] Embodiments of a semiconductor laser 
module according to the present invention will hereinaf- 
ter be described with reference to Figs. 1 through 12B. 
[0027] It should be first noted that in respective 
embodiments described below, the same components 
are indicated with the same reference numerals so that 
repetitive description thereof is omitted. 
[0028] First, a semiconductor laser module 1 
according to a first embodiment, as illustrated in Figs. 
1 A and 1 B, comprises a package 2, a Peltier element 3, 
a base 4, an optical fiber 5, a semiconductor laser 6, 
and a photodiode 7. 

[0029] The package 2 accommodates the Peltier 
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element 3, the base 4, one end side of the optical fiber 
5, the semiconductor laser 6, the photodiode 7, and so 
on. The package 2 has a bottom plate 2a, a peripheral 
wall 2b f and a cover 2c, and the cover 2c is attached on 
the peripheral wall 2b. The package 2 is also provided 
with a sleeve 2d extending from the peripheral wall 2b. 
A second ferrule 5b, later described, of the optical fiber 
5 is insert d into the sleeve 2d. The package 2 is filled 
with a nitrogen gas, for example, to have an inert gas 
atmospher in the interior. 

[0030] The Peltier element 3 is disposed on the bot- 
tom plate 2a, and serves as a temperature control ele- 
ment for dissipating heat resulting from the driving of the 
semiconductor laser 6 to regulate the semiconductor 
laser module 1 at a predetermined temperature. The 
base 4 is carried on the Peltier element 3. The Peltier 
clement 3 is supplied with a driving current through a 
lead line 3a from the outside of the package 2. 
[0031] As illustrated in Figs. 1A and 1B, the base 4 
carries the semiconductor, laser 6 through a first carrier 
8 and a heat sink 9. Also, disposed on the base 4 are a 
second carrier 1 0 near a rear end facet 6b of the semi- 
conductor laser 6, and a first ferrule 5a attached to one 
end of the optical fiber 5 near a front end facet 6a of the 
semiconductor laser 6. 

[0032] For the optical fiber 5, a variety of optical fib- 
ers may be used in addition to a single mode fiber, and 
a tensed fiber is connected to the optical fiber which 
forms an FBG by fusion. The lensed fiber is formed with 
a wedge-shaped lens at one end as a light coupling 
means which is positioned opposite to the semiconduc- 
tor laser 6. Also, on the other end side of the optical fiber 
5, the first ferrule 5a and the second ferrule 5b are 
attached. The optical fiber 5 extends external to the 
package 2 from the sleeve 2d through the second fer- 
rule 5b. The first ferrule 5a is disposed on the base 4 by 
supporting parts 5c, 5d. 

[0033] As illustrated in Fig. 1 B, the optical fiber 5 is 
further formed with FBG1, FBG2, .... FBGi, FBGn 
which function as a first or a second light feedback por- 
tion. The FBGI to FBGn may be arranged in any order, 
and may have whichever magnitudes of the full width 
half maximum. 

[0034] Here, the FBG1 functions as the first light 
feedback portion of the present invention, while the 
remaining FBG2 to FBGn respectively function as sec- 
ond light feedback portions. The first light feedback por- 
tion (FBG1) is set at a predetermined reflection center 
wavelength which determines the oscillating wave- 
length of the semiconductor laser 6. The second light 
feedback portions (FBG2 to FBGn), on the other hand, 
are components for stabilizing the laser output, and may 
be one or plural. 

[0035] . The semiconductor laser module t of the 
first embodiment has the FBGI to FBGn positioned 
external to the package 2. This is because the expen- 
sive FBG1 to FBGn may be removed when the semi- 
conductor laser module 1 gets into a characteristic 



failure, so that the FBG1 to FBGn may be used for 
another module. 

[0036] For a semiconductor laser module for use in 
a wavelength band centered at 980 nm, the semicon- 

5 ductor laser 6 is optically coupled to the lensed fiber 
within the package 2. Since it is difficult to incorporate 
the lensed fiber and the FBG1 to FBGn in the optical 
fiber, the lensed fibers and the FBGI to FBGn are sep- 
arately fabricated using different optical fibers, respec- 

io tively, and are connected by fusion to one another to 
form a single optical fiber. 

[0037] Now, Figs. 2A through 2D show exemplary 
reflection characteristics of the FBG1, FBG2, FBGi, 
FBGn, for example, where the vertical axis represents 

75 the reflectance R (%), and the horizontal axis repre- 
sents the wavelength X (nm). In this case, in the semi- 
conductor laser module 1 of the first embodiment, the 
FBG1 to FBGn have reflection center wavelengths Xc1 
to Xcn substantially identical to each other (for example, 

20 a difference in wavelength is within 2 nm). 

[0038] More specifically, assuming that the FBG1 to 
FBGn are substantially Identical in their reflection center 
wavelengths lc1 to Xrn (for example, a difference in 
wavelength is within 2 nm), and the first FBG1 nearest 

25 from the semiconductor laser 6 has a full width half 
maximum AX1, the second nearest FBG2 has a full 
width half maximum AX2, .... the i-th nearest FBGi has a 
full width half maximum AXi, and the n-th nearest 
FBGn has a full width half maximum AXn, the FBG1 to 

30 FBGn are set such that a relationship AX1<AX2< ... 
<AVi< ... <AXn is satisfied simultaneously. 
[0039] At this time, the difference in the reflection 
center wavelength between the respective FBG1 to 
FBGn is preferably within 2 nm, more preferably within 

35 0.5 nm, and further preferably within 0.2 nm. The reflec- 
tion center wavelengths set in this way are preferred 
since the semiconductor laser can be stably oscillated 
at a desired wavelength. 

[0040] It is also desirable to use the FBG2 to FBGn 
ao which have reflectances equal to or lower than a maxi- 
mum reflectance of the FBG1 at least within the wave- 
length of the full width half maximum in th FBG1. 
[0041] Further, as another implementation, the 
FBG1 to FBGn may be selected such that their respec- 
ts tive reflection center wavelengths Xcl to Xcn are identi- 
cal, and R1>R2>...£Ri£...>Rn is satisfied 
simultaneously, where R1 is a maximum reflectance of 
the first RBG1 nearest from the semiconductor laser 6; 
R2 is a maximum reflectance of the second nearest 
so FBG2, Ri is a maximum reflectance of the i-th near- 
est FBGi, ..... and Rn is a maximum reflectance of the 
nth nearest FBGn, as shown in Figs. 3A through 3D, 
where the vertical axis represents the reflectance R 
(%), and the horizontal axis represents the wavelength 
55 X(nm). 

[0042] The semiconductor laser 6 emits, for exam- 
ple, laser light in a wavelength band centered at 980 nm 
into the optical fiber 5 from the front end facet 6a, and 
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monitor light toward the photodiode 7 from the rear end 
facet 6b. At this time, the semiconductor laser 6 is posi- 
tioned with respect to the first ferrule 5a so as to mini- 
mize, for example, a difference between an active layer 
and the optical axis of the optical fiber 5 in the height 
direction preferably within several urn. At this time, the 
first ferrule 5a is positioned to substantially maximize 
the light emitted from the semiconductor laser 6 and a 
light coupling efficiency. 

[0043] The photodiode 7 is disposed on the second 
carrier 10 with its light receiving surface inclined as illus- 
trated in Fig. 1 A, and functions as a monitor for receiv- 
ing the monitor light emitted from the rear end facet 6b 
of the semiconductor laser 6. Here, since the light emit- 
ted from the front end facet may be branched for moni- 
toring, the phctcdicde 7 is not an essential component 
for the semiconductor laser module 1 . 
[0044] The semiconductor laser module 1 of the 
first embodiment, configured as described above, will 
now be described below for its operation. 
[0045] First, light emitted from the semiconductor 
laser 6 enters the optical fiber 5, and is fed back toward 
the originating semiconductor laser 6 by the FBG1 to 
FBGn. By repeating this feedback operation, the semi- 
conductor laser 6 oscillates the laser at the reflection 
center wavelength Xc1 of the FBG1. This laser oscilla- 
tion causes the semiconductor laser 6 to emit laser light 
from the front end facet 6a as output light and laser light 
from the rear end facet 6b as monitor light, respectively. 
[0046] At this time, since the light feedback from the 
FBG1 to FBGn, located at different distances from the 
semiconductor laser 6, reduces the coherency in the 
oscillating state of the semiconductor laser 6, the laser 
output is stabilized, and a monitor current is also stabi- 
lized in the photodiode 7. 

[0047] Figs. 4A and 4B show graphs of the fluctua- 
tion degree (%) of the monitor current on the vertical 
axis versus the time (seconds) on the horizontal axis for 
the semiconductor laser module 1 . Here, the fluctuation 
degree of the monitor current is defined as a deviation 
from an average value of the monitor current measured 
for 600 seconds (0 % of fluctuation degree). 
[0048] 1 Fig. 4A shows the result which is obtained in 
the first embodiment when the first light feedback por- 
tion is implemented by the single FBG1 which exhibits 
the reflection center wavelength at 979 nm, the reflect- 
ance of 7 % t and the full width half maximum equal to 1 
nm, and the second light feedback portion is imple- 
mented by the FBG2 which exhibits the reflection center 
wavelength at 979 nm, the reflectance of 2 %, and the 
full width half maximum equal to 2 nm (i.e., the second 
light feedback portion comprises only one FBG in this 
example). Fig. 4B, on the other hand, shows the result 
which is obtained as a comparative example of the first 
embodiment in which a single light feedback portion is 
implemented by a single FBG which exhibits the reflec- 
tion center wavelength at 979 nm, the reflectance of 12 
%, and the full width half maximum equal to 1.5 nm. 



[0049] It can be seen that Fig. 4B shows large vari- 
ations in the fluctuation degree of the monitor current, 
whereas Fig. 4A shows small variations in the fluctua- 
tion degree of the monitor current and hence a stable 
5 fluctuation degree. It is confirmed from the . results 
shown in Figs. 4A and 4B that the semiconductor laser 
module 1 configured in accordance with the first embod- 
iment can stabilize the laser output of the semiconduc- 
tor laser 6. 

70 [0050] On the other hand, assuming that a single 
second light feedback portion is provided for simplicity, 
the FBG1 functioning as the first light feedback portion 
and FBG2 functioning as the second light feedback por- 
tion are located next to each other at a distance L (£5 

is mm) in the optical fiber 5, as a semiconductor \aser 
module 15 illustrated in Fig. 5. 

[0051] The semiconductor laser module 15 pro- 
vided with two light feedback portions in the overall 
module configuration generates fluctuations in the 

20 reflectance, in a reflection waveform, of a magnitude 
substantially equal to a wavelength interval X /2nL 
which is determined by the oscillating wavelength X and 
the refractive index n of the optical fiber. Then, in the 
semiconductor laser module 15, as the distance L is too 

25 short, the wavelength Interval becomes too long, result- 
ing in a less number of times a large reflectance 
appears in the reflection characteristic, formed near the 
center wavelength of the first light feedback portion. It is 
therefore estimated that the semiconductor laser mod- 

30 ule 15 will suffer from an instable oscillating state. To 
avoid such a situation, preferably, the distance L should 
be set equal to or longer than 5 mm, in which case, the 
semiconductor laser module 15 can effectively reduce 
the coherency in the oscillating state of the semiconduc- 

35 tor laser 6 to stabilize the laser output. 

[0052] Next, a second embodiment of the present 
invention will be described with reference to Figs. 6A 
through 8D. 

[0053] A semiconductor laser module 20 comprises 
40 an FBG 5e formed in the middle of an optical fiber 5, 
which functions as a light feedback portion, as illus- 
trated in Fig. 6. It is formed as a chirped grating having 
the overall reflection characteristic shown in Fig. 7, 
which is a combination of the reflection characteristics 
45 of a first light feedback portion and a second light feed- 
back portion, where the vertical axis represents the 
reflectance R (%), and the horizontal axis represents 
the wavelength X (nm). 

[0054] The used FBG 5e is implemented by a 
so chirped grating which has the reflection characteristic 
represented by superposition of a plurality of Gaussian 
functions exhibiting the reflection characteristics of the 
first light feedback portion and the second light feed- 
back portion, for example, four Gaussian functions FG1 , 
55 FG2, FG3, FG4 which have reflection center wave- 
lengths Xcl to Xc4 equal to one another 
(ac1=?lc2=Xc3=Xc4) and maximum reflectances R1, 
R2 f R3, R4, respectively, as shown in Figs. 8A to 8D. 
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The cycle of variations in reflectance changes in the 
direction of the optical axis ot the optical axis 5. 
[0055] The chirped grating may be tormed to have a 
reflection wavelength characteristic by combining arbi- 
trary light feedback portions with one another. 
[0056] As described above, the semiconductor 
laser module 20 can also reduce the coherency in the 
oscillating state of the semiconductor laser 6 and stabi- 
lize the monitor current, when it employs the optical fiber 
5 which has the FBG 5e formed as a chirped grating 
having superposition of reflection characteristics of a 
plurality of FBGs. 

[0057] In this way, although the semiconductor 
laser module of the present invention basically com- 
prises a first light feedback portion and a second light 
feedback portion, the semiconductor laser module may 
employ a single light feedback portion having superpo- 
sition of respective reflection characteristics of a plural- 
ity of such light feedback portions. 

[0058] Next, a third embodiment of the present 
invention will be described with reference to Figs. 1B 
and 9. 

[0059] A semiconductor laser module of the third 
embodiment is characterized in that the FBG1 function- 
ing as the first light feedback portion of the optical fiber 

5 differs from the second light feedback portions FBG2, 
.... FBGn in the reflection center wavelength and the 
reflection level at the reflection center wavelength in the 
semiconductor laser module 1 illustrated in Fig. IB. 
[0060] Fig. 9 shows an example of a reflectance (%) 
distribution for the first light feedback portion and the 
second light feedback portion of the optical fiber 5. 
[0061] As shown in Fig. 9, the FBG1 functioning as 
the first light feedback portion exhibits the reflection 
center wavelength at 979 nm, the reflectance R of 7 %, 
and the full width half maximum equal to 1 nm. The 
FBG2 functioning as the second light feedback portion 
exhibits the reflection center wavelength at 983 nm, the 
reflectance R of 10 %, and the full width half maximum 
equal to 5 nm. The second light feedback portion 
(FBG2) has the reflectance at the reflection center 
wavelength larger than the reflectance at the reflection 
center frequency of the first light feedback portion 
(FBG1). However, the second light feedback portion 
(FBG2) has the reflection characteristic which exhibits a 
smaller reflectance than a maximum reflectance of the 
first light feedback portion in a wavelength range of the 
full width half maximum in the first light feedback portion 
(FBG1). 

[0062] Generally, the relationship between a loss 
and a gain dominates whether the semiconductor laser 

6 oscillates with light from the first light feedback portion 
(FBG1) or the second light feedback portion (FBG2). 
Therefore, the semiconductor laser module 1 employs 
the semiconductor laser 6 which has an appropriate 
shape of the gain with respect to the wavelength. 
[0063] Specifically, assuming that g represents a 
gain factor of an active layer in the semiconductor laser 



6, and T represents a light confinement factor of the 
same, the effective gain in the waveguide structure of 
the semiconductor laser 6 can be represented by Tg. 
[0064] Assume herein that a cavity length of the 

5 semiconductor laser 6 is Lre, a loss in the semiconduc- 
tor laser due to scattering or the like is a^, and an ampli- 
tude reflection ratio on the rear end facet 6b of the 
semiconductor laser 6 is r^ Assume also that an effec- 
tive reflectance (generally in the form of complex 

10 number) in an emitting direction calculated from the 
reflectance on the front end facet of the semiconductor 
laser 6, a power coupling efficiency between the semi- 
conductor laser 6 and the optical fiber 5, the reflect- 
ances of the FBG1 to FBGn, and so on is r f . 

75 [0065] Then, a mirror loss a m can be represented 
by: 



25 



35 



a m = (1/Lre)1n(1/r b lr f l) 



0) 



20 [0066] Using these parameters, a laser oscillating 
threshold condition for an electric field amplitude can be 
represented by: 



rg(X)=a in +a m (X) 



(2) 



on condition that the loss is balanced with the gain. The 
parenthesized X represents that the laser oscillating 
threshold condition exhibits the wavelength depend- 
ence. 

30 [0067] Also, the laser oscillating condition for the 
phase can be represented, using the refractive index n1 
of the active layer, by: 



47in1Lre/\ - 2rrm = arg(r f ) 



(3) 



where m is an integer. 

[0068] Generally, the oscillating wavelength of the 
semiconductor laser 6 is determined by equations (2) 
and (3). Representing equation (2) in a graph, the left 

40 side protrudes upward, while the right side protrudes 
downward. Therefore, when the wavelength depend- 
ences on both sides are drawn in a graph, their intersec- 
tion can determine the oscillating wavelength of the 
semiconductor laser 6. 

45 [0069] It will be appreciated from the foregoing that 
the semiconductor laser 6 and the FBG may be 
selected such that the wavelength dependence on the 
right side of equation (2) determined by the FGB1 to 
FBGn has an intersection with the wavelength depend- 

50 ence of the left side of equation (2) determined by the 
characteristic of the semiconductor laser 6 only at the 
first light feedback portion (FBG1). 
[0070] As described above, by appropriately select- 
ing the semiconductor laser 6 and the FBG1 to FBGn, it 

55 is possible to oscillate only at the center wavelength of 
the first light feedback portion even if the second light 
feedback portion (FBG2) has a higher reflectance at the 
reflection center wavelength than the first light feedback 
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portion (FBG1), as shown in Fig. 9. 
[0071] Also, as shown in Fig. 9, the second light 
feedback portion reflects at the reflection center wave- 
length of the first light feedback portion (FBG1), though 
its reflectance is lower than that of the first light feed- 
back portion (FBG1). The light feedback from the sec- 
ond light feedback portion (FBG2) enables the 
semiconductor laser module 1 of the third embodiment 
to reduce the coherency of the laser oscillation in the 
semiconductor laser 6 and stabilize the monitor current. 
[0072] Next, a fourth embodiment of present inven- 
tion will be described with reference to Figs. 10 through 
12B. 

[0073] A semiconductor laser module 25 of the 
fourth embodiment employs an FBG 5f, for example, as 
a first light feedback portion, and employs a light feed- 
back portion 16, which has a flat reflectance character- 
istic substantially without the wavelength dependence, 
and a reflectance lower than a maximum reflectance of 
the first light feedback portion, as a second light feed- 
back portion, as shown in Fig. 10. Fig. 1 1 shows distri- 
butions of the reflectances (%) of the FBG 5f which 
functions as the first light feedback portion and the light 
feedback portion 16 which functions as the second light 
feedback portion. 

[0074] The light feedback portion 16 as shown can 
be implemented, for example, by a dielectric multi-layer 
coating, FBG, any other optical filter which has a flat 
reflection level characteristic within a wide wavelength 
band including the reflection center wavelength of the 
FBG 5f, or an emitting end face of an optical fiber which 
is set at a predetermined reflectance. 
[0075] In the fourth embodiment, description will be 
made on a semiconductor laser module which uses, for 
example, a PC (Physical Contact) connector having, as 
the light feedback portion 16, an emitting end face of an 
optical fiber, the distal end of which is polished in a 
spherical shape, or is perpendicularly cut with respect 
to the longitudinal direction of the fiber. 
[0076] Figs. 12Aand 12B show the current depend- 
ences of a light output P 0 (mW) and a slope efficiency 
S e (W/A) on an injection current (mA) for the semicon- 
ductor laser module 25. The FBG 5f used herein as the 
first light feedback portion exhibits the reflection center 
wavelength at 979 nm, the reflectance of 7 %, and the 
full width half maximum equal to 1 nm. 
[0077] Fig. 12A shows the result which is obtained 
when the above-described PC connector having the 
light feedback portion 16 with a reflectance of 3 %, for 
example, is used with the semiconductor laser module 
of the fourth embodiment. Fig. 12B shows the result 
which is obtained when an APC (Angled Physical Con- 
tact) connector having an emitting end face of an optical 
fiber as a second light feedback portion is used, as a 
comparative example of the fourth embodiment. The 
APC connector is an optical connector which has an 
abutting end face obliquely polished to prevent reflected 
light from again coupling to the fiber. 



[0078] As appreciated, since the second light feed- 
back portion in this example has the emitting end face of 
the optical fiber obliquely polished, the reflectance is 
significantly reduced to as low as 10" 6 %. 

5 [0079] It can be seen that the semiconductor laser 
module employing the APC connector of Fig. 1 2B exhib- 
its a rather steep slope efficiency and therefore is insta- 
ble. In contrast, it can be seen that the semiconductor 
laser module 20 employing the PC connector of Fig. 

io 1 2A exhibits a gentle slope efficiency and eliminates the 
instability as observed in Fig. 1 2B. 
[0080] It can therefore be confirmed that the semi- 
conductor laser module 25 can stabilize the oscillating 
state even when it employs the light feedback portion 16 

15 which has a flat reflection level characteristic substan- 
tially without the wavelength dependence, and a reflect- 
ance lower than a maximum reflectance of the FBG 5f 
that functions as the first light feedback portion. 
[0081] Here, when a dielectric multi-layer coating, 

20 FBG or any other optical filter is used as the light feed- 
back portion 1 6, and an APC connecter is used as an 
optical connector for connecting light passing through 
such an optical filter to another module or the tike, 
reflection at the optical connector is limited to be lower. 

25 Therefore, the semiconductor laser module employing 
the APC connector is preferred since it can reflect light 
to the semiconductor laser at a desired reflectance by 
means of the optical filter. 

[0082] Here, the semiconductor laser module in the 
30 respective embodiments employ the semiconductor 
laser 6 which outputs light in a wavelength of 980 nm 
band. 

[0083] It is known that this type of semiconductor 
laser 6 suffers from a lower stability overtime of the out- 

35 put intensity of the monitor light as compared with those 
which output light in other wavelength bands. 
[0084] Therefore, while the present invention can 
be applied to any semiconductor laser 6 at any wave- 
length, significant effects result from the application of 

40 the present invention to the semiconductor laser mod- 
ule employing the semiconductor laser 6 in a wave- 
length band centered at 980 nm. 

[0085] Also, an FBG positioned external to the 
package 2 means a longer cavity length. This is preter- 
ms able since the semiconductor laser module can effec- 
tively reduce the coherency of the laser oscillation. In 
the foregoing embodiments, the distance from the rear 
end facet 6b of the semiconductor laser 6 to the central 
position of the first light feedback portion in the longitu- 
50 dinal direction along the optical fiber 5 is chosen to be 
10 cm or longer. 

[0086] Further, when the FBG is positioned external 
to the package 2 as is the case of the foregoing embod- 
iments, the semiconductor laser module may be sus- 
55 ceptible to instable laser oscillation due to fluctuations in 
the refractive index of the optical fiber 5 between the 
semiconductor laser 6 and the FBG , or the like. 
[0087] Therefore, the semiconductor laser module 
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is preferably configured to suppress fluctuations in 
polarization of light by using a birefringent fiber such as 
a PANDA (polarization-maintaining and absorption- 
reducing) fiber which has a core applied with a non-axi- 
ally symmetric stress and a stress applying portion of 
circular cross-section; a bow-tie fiber of fan-shaped 
cross-section; an elliptic jacket fiber of elliptic cross-sec- 
tion; an elliptic core fiber having a core waveguide struc- 
ture in a non-axially symmetric form and a core of elliptic 
cross-section, as the optical fiber 5 at least between the 
semiconductor laser 6 and FBG. 

[0088] While the present invention has been 
described in connection with its preferred embodiments, 
the semiconductor laser module of the present inven- 
tion is not limited to the aforementioned configurations. 
As an example, the light coupling means is not limited to 
a wedge-shaped lens of a lensed fiber as long as it can 
enter laser light emitted from the front end facet 6a of 
the semiconductor laser 6 into the optical fiber 5 without 
large connection loss. For example, any appropriate 
light coupling means may be used such as a hemi- 
spherical end of a hemispherically-ended fiber, a lens 
system using a single lens, and so on. 
[00891 Where technical features mentioned in any 
claim are followed by reference signs, those reference 
signs have been included for the sole purpose of 
increasing the intelligibility of the claims and accord- 
ingly, such reference signs do not have any limiting 
effect on the scope of each element identified by way of 
example by such reference signs. 

Claims 

1. A semiconductor laser module comprising: 

a semiconductor laser having a front end facet 
from which output light is emitted; 
an optical fiber on which the output light emit- 
ted from said semiconductor laser is incident, 
said optical fiber having a light feedback por- 
tion for reflecting light at a predetermined 
wavelength; and 

a package for accommodating said semicon- 
ductor laser together with one end side of said 
optical fiber, 

wherein said light feedback portion includes a 
first light feedback portion set at a predeter- 
mined reflection center wavelength for deter- 
mining an oscillating wavelength of said 
semiconductor laser, and at least one second 
light feedback portion. 

2. The semiconductor laser module according to claim 
1 , wherein said second light feedback portion has a 
reflectance equal to or lower than a maximum 
reflectance of the first light feedback portion at least 
within a wavelength range of a full width half maxi- 
mum in the first light feedback portion. 



3. The semiconductor laser module according to claim 
1 or 2, wherein said second light feedback portion 
has a reflection center wavelength substantially 
identical to that of said first light feedback portion. 

5 

4. The semiconductor laser module according to claim 
3, wherein a difference in the reflection center 
wavelength between said first light feedback portion 
and said second light feedback portion is set within 

w 2 nm. 

5. The semiconductor laser module according to claim 
1 or 2, wherein said first light feedback portion dif- 
fers from said second light feedback portion in the 

75 reflection center wavelength. 

6. The semiconductor laser module according to claim 
1, wherein said second light feedback portion has a 
flat reflection level characteristic substantially with- 

20 out wavelength dependence, and a reflectance 
lower than a maximum reflectance of said first light 
feedback portion. 

7. The semiconductor laser module according to any 
25 one of claims 1 to 6, wherein either said first or said 

second light feedback portion comprises a fiber 
bragg grating. 

8. The semiconductor laser module according to any 
30 one of claims 1 to 7, wherein said first light feed- 
back portion and an adjacent one of said second 
light feedback portions are spaced by a distance 
set equal to or longer than 5 mm between longitudi- 
nal center positions thereof. 

35 

9. The semiconductor laser module according to any 
one of claims 1 to 8, wherein two or more of light 
feedback portions chosen from the first light feed- 
back portion and the at least one second light feed- 

40 back portion comprise a chirped bragg grating 
having a reflection characteristic which is superpo- 
sition of respective reflection characteristics. 

10. The semiconductor laser module according to any 
45 one of claims 1 to 9, wherein said light feedback 

portion is positioned external to said package. 

11. The semiconductor laser module according to any 
one of claims 1 to 10, wherein said optical fiber 

so includes polarization fluctuation preventing means 
disposed between said semiconductor laser and 
said light feedback portion for preventing fluctua- 
tions in light polarization. 

55 1 2. The semiconductor laser module according to claim 
11, wherein said polarization fluctuation preventing 
means is a birefringent fiber. 
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1 3. The semiconductor laser module according to claim 
12, wherein said birefringent fiber is any of a 
PANDA fiber which has a core applied with a non- 
axially symmetric stress and a stress applying por- 
tion of circular cross-section; a bow-tie fiber of a 5 
fan-shaped cross-section; an elliptic jacket fiber of 
elliptic cross-section; and an elliptic core fiber hav- 
ing a core waveguide structure in a non-axially sym- 
metric form and a core of elliptic cross -section. 

10 

14. The semiconductor laser module according to any 
one of claims 1 to 13, wherein a distance from a 
rear end facet of said semiconductor laser to a lon- 
gitudinal center position of either said first or said 
second light feedback portion is 10 cm or longer. 15 

15. The semiconductor laser module according to any 
one of claims 1 to 14, wherein said semiconductor 
laser has an oscillating wavelength in 980 nm band. 

20 

16. The semiconductor laser module according to any 
one of claims 1 to 15, wherein said optical fiber is a 
lensed fiber, wherein light emitted from said semi- 
conductor laser is coupled to a distal end of said 
lensed fiber. 25 

1 7. The semiconductor laser module according to claim 
1 6, wherein said lensed fiber is made by connecting 
by fusion said optical fiber formed with said first 
light feedback portion and/or said second light feed- 30 
back portion. 



35 



40 



45 



50 



55 



9 



EP 1 087 477 A2 




10 



EP 1 087 477 A2 



FIG. 2A 



FIG. 2B 



u 
z 
< 

<J 

w 



0 



FBGi 



WAVELENGTH * (nm) 



dj 
o 
z 
< 

Vl. 

a: 



FBG2 




A/l2 



0 

WAVELENGTH A (nm) 



FIG. 2C 



FIG. 2D 



w 
u 

E- 
U 
W 



FBGi 



0 

WAVELENGTH Mnm) 



o 
z 
< 

E— • 
U 

-J 



FBGn 




0 ^Cn 

WAVELENGTH X(nm) 



11 



EP 1 087 477 A2 



FIG. 3A 



QZ 

o 



H 
U 

-J 
u. 




0 *ci 
WAVELENGTH X (nra) 



FIG. 3B 



FBG2 




WAVELENGTH A(nm) 



FIG. 3C 



FBGi 




WAVELENGTH X (nm) 



FIG. 3D 



FBGn 




0 ^.Cn 

WAVELENGTH X (nm) 



12 



EP 1 087 477 A2 



o 

o£ 
"a: 

< K 
DO 

3° 



2 - 

1 - 
0 

-1 - 

& "2 - 



-3 



0 



FIG. 4A 




100 200 300 400 500 
TIME (SECONDS) 



600 



Cl. 
O 

"a; 

<&; 
DO 
hh 

3° 



3 
2 
1 
0 

-1 
-2 
-3 



FIG. 4B 



Jl 



Uil 




100 200 300 400 500 
TIME (SECONDS) 



600 



13 



EP 1 087 477 A2 




EP 1 087 477 A2 



FIG. 6 



ill n(n \\\ r-'- 

rh ■■■)-. — L 

\ I L_J if 

II II II II U II I 2* 



20 

/ 




FIG. 7 



O 




1c 

WAVELENGTH l(nm) 



-onnmn. .CD 1007^17749 1 



15 



EP 1 087 477 A2 



FIG. 8A FIG. 8B 




WAVELENGTH X (nm) WAVELENGTH X (ran) 



FIG. 8C FIG. 8D 




WAVELENGTH Mnm) WAVELENGTH X(nm> 



EP 1 087 477 A2 



U2 
CJ 

z 
< 

H 
D 

t-L. 
CU 
02 



FIG. 9 



12 



8- 



FIRST LIGHT FEED 
BACK PORTOIN 



SECOND LIGHT 
FEED BACK 
PORTION 




975 977 979 981 983 985 987 989 
WAVELENGTH (nm) 



FIG. 10 




17 



EP 1 087 477 A2 



FIG. 11 



12 



% 8 

o 

3 4 

& 

OS 



FIRST LIGHT FEED 
BACK PORTOIN 




SECOND LIGHT FEED 
BACK PORTION 



975 977 979 981 983 985 987 989 
WAVELENGTH (nm) 



18 



EP 1 087 477 A2 



FIG. 12A 



E 



U2 



E— 

ID 
O 

E- 
X 
O 



250 



200 - 



J 150 - 



100 - 



50 - 




0 



100 200 300 400 500 

INJECTION CURRENT (mA) 



z 

u 

E 
tu 
uj 

. w 

o 

J 

(73 



FIG. 12B 




0 100 200 300 400 500 
INJECTION CURRENT (mA) 



5 

Z 
CD 

G 

a. 

in 

cu 
a. 
O 

CO 



19 



LANK 



(use* 



(19) 



J 



Eur paisches Patentamt 
European Patent Office 
Office eur peen des brevets 




(12) 



(88) Date of publication A3: 

24.07.2002 Bulletin 2002/30 

(43) Date of publication A2: 

28.03.2001 Bulletin 2001/13 

(21) Application number: 00120186.2 

(22) Date of filing: 22.09.2000 



(n) EP 1 087 477 A3 

EUROPEAN PATENT APPLICATION 

(51) intci*: H01S 5/068, H01S5/14 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 24.09.1999 JP 27093799 

(71) Applicant: THE FURUKAWA ELECTRIC CO., LTD. 
Tokyo (JP) 

(72) Inventors: 

• Ohki, Yutaka, The Furukawa Electric Co., Ltd. 
Chiyoda-ku, Tokyo (JP) 



• Yamaguchi, Takeharu, 

The Furukawa Electric Co.,Ltd 
Chiyoda-ku, Tokyo (JP) 

• Irie, Yuichiro, The Furukawa Electric Co., Ltd. 
Chiyoda-ku, Tokyo (JP) 

(74) Representative: Modiano, Guido, Dr.-lng. et al 
Modiano, Josif, Pisanty & Staub, 
Baaderstrasse 3 
80469 Munchen (DE) 



(54) Semiconductor laser module 

(57) A semiconductor laser module comprises a 
semiconductor laser (6) having a front end facet from 
which output light is emitted, and an optical fiber (5) on 
which the output light emitted from the semiconductor 
laser (6) is incident, where the optical fiber (5) has a light 
feedback portion for reflecting light at a predetermined 



wavelength. The semiconductor laser is accommodated 
in a package (2) together with one end side of the optical 
fiber (5). The light feedback portion includes a first light 
feedback portion (FBG1) set at a predetermined reflec- 
tion center wavelength for determining an oscillating 
wavelength of the semiconductor laser (6), and at least 
one second light feedback portion (FBG2). 
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